A lethal mixture of the three factors (I, 11, 111) of anthrax toxin had none of the following enzyme activities : adenosine triphosphatase, alkaline or acid phosphatase, catalase, collagenase, ribonuclease, desoxyribonuclease, gelatinase, hyaluronidase, lecithinase, lipase, proteinase. The mode of action of anthrax toxin is unknown. Although factor I1 is the only factor which is immunogenic when injected alone, the addition of factor I results in an increased immunizing activity; however, the activity of this mixture can be decreased by adding factor 111. The possible effect of these results on preparations used to immunize against anthrax is discussed.
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J. L. STANLEY AND H. SMITH containing the toxin of Bacillus anthracis (Thorne et al. 1960 ) by two methods.
( a ) By the method of Strange & Thorne (1958) which involves ammonium sulphate precipitation, precipitation a t pltl 4.2 and chromatography on an alumina C,-Celite column. The properties of this immunogenic material were described by Strange & Thorne (1958) and Sargeant et al. (1960) ; it appeared to contain two serological components B and ( 1. ( b ) By fractionation on diethylaminoethyl (DEAE) cellulose. Culture filtrate (4 1.) was dialysed (18 hr.) against 0.011 phosphate buffer (pH 7.4) and applied to a column (4.5 cm. diam.; 4 cm. long) of DEAE cellulose (5 g.) which had been equilibrated with 0.11 phosphate buffer (pH 7.4). No pressure was applied and the flow rate was about 30 ml./min. The column was eluted with: (1) 0.11 phosphate buffer (60 ml.; pH 7.4); (2) 0.151 phosphate buffer (90 ml.; pH 7.4) and (3) 0.21 phosphate buffer (60 ml.; pH 7-4). Factor I1 (60 ml., 0.04 yo protein) was eluted by bufYer (2). The final preparation was concentrated by dialysis against Carbowax (20 M ) and showed no evidence for heterogeneity in the ultracentrifuge (0.5 Yo (w/v) dialysed against 0.051 phosphate buffer (pH 7.4)) and on paper electrophoresis (1 mg. examined in 0.21 barbitone buffer, pH 8.6)).
After exhaustive dialysis against water the freeze-dried product had N 14.2 yo (cf. Strange & Thorne, 1958) . This preparation of factor I1 was indistinguishable from the preparation described above in: (1) the assay for factor I1 activity ), (2) gel-diffusion against 'spore' and 'antigen' antisera which indicated the presence of two serological components ) and (3) tests for immunogenicity .
Serological precipitation in gels. The methods and antisera (' spore ' H 533 and 'antigen' H25) used were described by Sargeant et al. (1960) . Test for immunogenicity. Guinea pigs were immunized as described by ; the total amount of preparation given in the three equal doses of the immunization course has been quoted in the tables below together with the number of animals surviving subsequent challenge with 1000 lethal doses (LD) of Bacillus anthracis, strain N.P., spores. In many experiments, no unvaccinated control animals survived this challenge.
Tests jbr enzymic activity A mixture of purified factor I (4 pg.), purified factor I1 (40 pug.) and purified factor I11 (9 pg.) was examined in the following tests for enzyme activity, in each of which a known active enzyme preparation was included for comparison.
Adenosine triphosphatase. 
RESULTS

Lack of demonstrable enzymic activity in mixtures of factors I , 11 and 111
of the anthrax toxin In tests, in which known enzyme preparations were active, a mixture of factors I, I1 and I11 of anthrax toxin had no adenosine triphosphatase, phosphatase (acid or alkaline), catalase, collagenase, desoxyribonuclease, gelatinase, hyaluronidase, lecithinase, lipase, proteinase or ribonuclease activity. Hence we have not identified any enzymic basis for the toxic activity of these factors. A mixture of factors I and I1 obviously increased capillary permeability since it produced oedema when injected intradermally. Addition of factor I11 decreased the local oedema production by a mixture of factors I and I1 (Stanley & Smith, 1961) . It seemed possible that factor I11 was a spreading factor leading to a quick dispersal of factors I and 11, hence to a diminution in their local effect. However, no evidence for the presence of a spreading factor (by the method of Hechter, 1947) or of a permeability increasing substance (by the method of Miles & Wilhelm, 1955) was obtained when factor I11 was examined in rabbits.
Immunogerhicity for guinea pigs of mixtures of factors I , 11 and 111 of anthrax toxin When the three factors were injected singly, only factor I1 protected guinea pigs against subsequent infection with Bacillus anthracis (Tables 1, 2) . However, the addition of factors I and I11 to factor I1 produced some interesting results.
These mixtures were not given in sufficient strength to kill any guinea pigs and since all vaccinations were done subcutaneously there were no overt signs of oedema production. The results in Tables 1 and 2, which were analysed by our colleague Mr S. Peto, show that addition of factor I to factor I1 increased the immunizing power of the latter, but that addition of factor I11 to a mixture of factor I and I1 decreased their combined activity. On the other hand, addition of factor I11 to factor I1 did not seem to affect the immunizing activity of the latter (Table 2 ).
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J. L. STANLEY AND H. SMITH It was also possible that a mixture of factors I and I11 had some immunizing activity ( Attempts to separate the major serological component in factor 11 of anthrax toxin The final preparation of factor I1 was a mixture of two serological components, B and C ); B appeared to be associated with factor I1 activity but the relative proportions of components B and C in the final preparation was unknown (see Sargeant et al. 1960) . Since this preparation of factor I1 was the only factor of the anthrax toxin which was immunogenic when injected alone, attempts were made to separate the two components so that each could be examined for factor I1 activity and immunogenicity. These attempts, described below, were only partially successful. Component C was obtained free from component B by the purification of fractions discarded during the fractionation of factor I (Stanley & Smith, 1961) ; it proved to have no factor I1 or immunogenic activity a t the con IP: 54.70.40.11
On: Sat, 08 Dec 2018 23:10:10 Anthrax toxin 333 centrations examined. This supported the view of Sargeant et al. (1960) , that component B was responsible for the factor I1 activity and indicated that component B was also the immunogen. The preparation of component C was sufficiently pure to be used for estimations of the relative proportions of components B and C in factor I1 by comparative titrations on serological diffusion plates. Component B proved to be the major Table 2 On: Sat, 08 Dec 2018 23:10:10 334 J. L. STANLEY AND H. SMITH component in the preparation of factor I1 but all subsequent attempts to decrease significantly its contamination with component C failed.
Preparation of component C . The serological detection and characterization of component C has been described elsewhere ; in gel-diffusion plates it precipitated with 'antigen' (H25) antiserum but not with 'spore' (H 533) antiserum. Although, during the original filtration of toxic cultures, component C passed the filters to be present in the final preparation of factor 11, some component C was retained on the filters to be eluted with factor I. It was from fractions discarded during the fractionation of the latter (see Stanley & Smith, 1961 ; the 0.11 and 0.121 phosphate buffer eluates from the DEAE-cellulose column), from two batches of filter eluate (2 x 200 ml. 3 2 x 50 1. original culture) that component C was obtained. The fractions, containing component C and some component B and factor I , were bulked and left at 0' for 16 days. A precipitate formed and after removal of this, the soluble material contained component C but had a much decreased content of component B. The solution was diluted with water (3 vol) and applied to a column ( 2 cm. diam., 1 cm. length) of DEAE-cellulose (0.2 g.) which had been equilibrated with 0.1I phosphate buffer (pH 7.4). Component C was eluted with 0 . 2 1 phosphate buffer (pH 7-2) containing 0 * 2~-N a C l (4 ml.). A sample of this material was dialysed against water and freeze-dried to obtain the content of nondial ysable matter.
For paper electrophoresis (pH 8.6, O.2I barbitone buffer) the final solution was concentrated by dialysis against carbowax; 1 mg. of material showed a single band migrating to the anode. I n serological diffusion plates, the final preparation produced the C line against 'antigen' antiserum (see below) but 4 pg. produced no B line and this indicated (by comparative titration with factor I1 which contained serological component B) that contamination with component B was less than 5 %. The preparation of component C contained 104 yo protein (calculated with reference to an ovalbumin standard) and on serological diffusion plates 0.24 pg. was the minimum quantity that formed the C line against 'antigen' (H25) antiserum. It (40 pg.) had no activity in the assay for factor 11, and in the test for immunogenicity total doses of 60 and 6 pg. did not protect guinea pigs (cf. factor I1 in Table 1 ).
Estimation of content of component C in the jinal preparation of factor I I . The
difficulty was that the B and C lines formed by factor I1 with 'antigen' (H25) antiserum overlaid one another so that individual titrations could not be observed directly . Estimations were done by two methods using antigen (H 25) antisera: (1) wells containing serial descending dilutions of factor I1 were alternated with those containing the preparation of component C (1 pg.) which formed a line which ran into the line formed by the higher concentrations of factor 11. The amount of factor I1 in the first dilution which showed the absence of component C (i.e. the C line from adjacent wells crossed the B line of the factor I1 preparation and continued to the factor I1 wells) was noted and compared with the amount of component C preparation (0.12pg.) which just did not form a C line.
(2) An antiserum (R-1; Sargeant et al. 1960) which inhibited the formation of the B line by preparations of factor I1 (see Sargeant et al. 1960) but had no effect on the formation of the C line (by comparative titrations with the preparation of component C), was added (equal volumes) to serial dilutions of the preparation of factor 11. The minimal amounts of factor I1 which formed a C line under these conditions
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were compared with the corresponding amounts of the preparation of component C examined under the same conditions. Both methods of estimation agreed in indicating that the amount of component C in several batches of the final preparation of factor I1 was not more than 15-30 %. The second method of estimation was used in subsequent work.
Attempts to decrease the amount of component C in preparations of factor I I . Exhaustive attempts to reduce significantly the content of component C in the final preparation of factor I1 by fractionating the latter on diethylaminoethyl DEAEcellulose, hydroxyapatite or on alumina Cy celite columns failed. Since components B and C were so alike in chemical behaviour attempts were made to avoid the necessity of separating them by obtaining initial culture filtrates with a lower relative content of component C. Filtrates of cultures, taken after different times of incubation were examined in the hope that components B and C might be formed at significantly different rates or a t different stages in growth. Several flasks of medium (250 ml.; Thorne et al. 1960) were inoculated with Bacillus anthracis, Sterne strain, 2.5 x lo7 spores, and incubated at 37". After 8, 12, 18, 24 and 36 hr., samples of the culture were filtered. Immediately each sample (at 8 hr., 1 1.; at 12 hr., 500 ml.;
at 18, 24 and 36 hr., 250 ml.) was dialysed for 4 hr. against phosphate buffer (pH 7.4, 0-2') and fractionated for factor I1 on DEAE-cellulose (2 g.) as described in Methods. Subsequent serological analysis indicated that the factor I1 preparations obtained from the 8, 12, 18, 24 and 36 hr. filtrates contained not more than 30, 30, 12, 17 and 17%, respectively, of component C. Although the content of component C could be varied by varying the time of incubation, it was not significantly decreased from the normal figure (15-30 yo) for various preparations of factor I1 obtained from 24 hr. filtrates.
DISCUSSION
Although some knowledge is now available about the chemistry of the components of the anthrax toxin, their mode of action is unknown. We have been unable to identify any enzymic activity in a mixture of the three factors of anthrax toxin which might explain its lethal effect. There is no explanation for the synergic activity of the three factors in lethality tests (see Stanley & Smith, 1961;  for the dramatic effect of mixtures of factors I and I1 on the capillaries in viva which results in the production of so much local oedema, or for the effect of factor I11 on the mixture of I + I1 in decreasing its local oedema production and increasing its lethality. It would be satisfying to think that the complexing action of factor I on metals had some connexion with its role in the toxic mixture but its non-replacement by EDTA (Stanley & Smith, 1961) was discouraging in this respect. The three factors of the toxin do not appear to be complexed in any way, at least when they appear extracellularly. Thus, the individual factors could be detected (in gel diffusion plates against ' spore' antiserum) in the plasma of guinea pigs dying of anthrax and in cultures in vitro which had not been filtered (which separates the factors) but only centrifuged to remove most bacteria and concentrated for examination by dialysis against Carbowax.
The immunizing activities of the various factors of the anthrax toxin are important in relation to practical vaccination against anthrax. Although the factor I1 preparation was the only factor which was immunogenic when injected
